Abstract. Effects of amounts of lignosulfonate and additives and reaction temperature on thermoplastics of lignosulfonate/polystyrene blends were investigated by rheometer through measurement of maximal torque, balanced torque and plasticized time. Optimum experimental parameters for preparation of lignosulfonate/polystyrene blends with excellent thermoplastic properties were obtained. The results of SEM and IR revealed that miscibility of lignosulfonate/polystyrene blends was improved, favorable for development of degradable lignosulfonate-based materials.
Introduction
Lignin is amorphous aromatic polymer, available from the paper industry as byproduct of pulping process [1] . Lignin is one kind of natural biopolymer resource, which not only has excited properties of thermal plasticity and glass transition but also possesses the biodegradation that petrolic polymer has not [2] . They have been traditionally used as a source of energy, but for the last 20 years, intensive efforts have been devoted to incorporating lignin preparations into useful polymeric materials [3] .
Recently, some attention has been attracted to this domain [4, 5] . Among those who have published their results, Li X F [6] got the blend between lignin and EVA which had optimized compatibility. Fernandes D M [7] researched the blend between various polymers and lignin, showed that lignin could be added into various polymers in order to enhance their surface active, thermal properties and degradable characteristics.
For the case of difficult recycle techniques and high cost to get purified lignin, lignosulfonate (LS) was used as material to obtain blends which have optimum thermal plasticity and glass transition properties and some useful results. Lignosulfonate isolated from spent sulfite liquors have proved their usefulness through their adhesion and dispersion properties. Although lignosulfonate is water-soluble, it may be expected from a drastic thermomechanical treatment such as extrusion to Ltd, Switzerland generate enough strong interactions between lignin and polystyrene to lead to modified mechanical and water resistance. Our objective is to blend lignosulfonate with polystyrene matrix in order to obtain a new material, while keeping biodegradability.
Experimental parts
The lignosulfonate used in this experiment was commercial Ca-LS (supplied by Xuemei Pulping Industry, China). Ca-LS (Tg, 65°C~95°C) had a multimodel curve in its molecular weight distribution, as shown by the gel-permeation chromatogram in Figure 1 . Polystyrene (Mw, 190000) was provided by BASF. The blends of lignosulfonate were prepared in XSS-300 torsion rheometer (Shanghai KeChuang Rubber Plastics Machinery Set LTd.).
The amounts of lignosulfonate (x 1 ), plasticizer (x 2 ) and compatibilizer (x 3 ) and temperature (x 4 ) were related to lignosulfonate-polystyrene blends and Tm (maximum torque), Tb (balancable torque) and T (plasticized time) of blends system were described to decide which factors' level had perfect plasticization effect. In our work, Di-n-octyl-o-phthalate (Tianjin Chemistry Reagent factory, China) and 2,5-Frandione (Chengdu Kelong Chemistry and Industry, China) were chose as plasticizer and compatibilizer, respectively. According to the experimental design (Tab 1), the level of x 1~x4 were changed (mass fraction) based on polystyrene amount which was stable. The various component proportions were prepared and simple mixed before blending together in XSS-300 torsion rheometer.
The SEM photographs of blends were obtained with S440 (Leica Cambridge LTd.). IR spectrum was recorded with WGH-30/6 (Dalian Gangdong LTd. China). The blends that obtained from optimized experimental conditions were broken off for scanning to obtain morphologies or pulverized to mix with KBr in order to get IR figures. The Tm of blend system decreased with the improvement of the content of lignosulfonate, plasticizer and compatibilizer. Furthermore, Tm was generally reduced by 58%, 51% and 64%, respectively, whereas the effect of temperature to the Tm of blend system had the following trend: improved from 16.574N.m to 19.231N.m, then decreased to 11.857N.m. Fig 2 (b) showed that Tb had relationships with the content of lignosulfonate and temperature and Tb reached its maximum (6.470N.m and 6.628N.m) with x 1 (-1) and x 4 (-1) respectively and minimum (4.589N.m and 4.122N.m) with x 1 (2) and x 4 (2) respectively. Due to its light density, adding a little ligonsulfonate to the blend system would increase the volume of system and obtained the results that addition of lignosulfonate could improve the Tb of system. The blends system Tb and plasticizer had linear relation (7.097N.m to 5.531N.m) because plasticizer could improve polymer fluidity. The system temperature was set at 165°C ~180°C for existing polystyrene, which leaded to that lignosulfonate was easy to cut into small molecular with high temperature, which decrease the system Tm. Plasticizer, which could weaken the interactional bond in macromolecular, decreased the intenerating, melt and glass transition temperature in blends system, which reduced the melt velocity accordingly. The results that were obtained with the existing of compatibilizer were owing to its effect of reducing surface tension.
Plasticized time is relation to the product cost of industrialization. Plasticized time reached the minimum (about 133s) with x 1 (-0.5), x 2 (-0.5) and x 4 (0) respectively showed in Figure 2 (c) . Relations of compatibilizer and T was approximate linear (plasticized time were improved by 190% with x 3 (-2) to x 3 (2)). Fig 3 showed the SEM photographs of blend surface morphologic structure and the following information could be obtained. Blend component formed clear continuous phase (polystyrene) and disperse phase (lignosulfonate) and their interphase was so fuzzy that a thick transition layer was formed. From above discussion, lignosulfonate and polystyrene had preferable blending and miscible effect with appropriate plasticizer and compatibilizer at definite temperature [8] . 
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Conclusions
(1) Lignosulfonate as the main material to produce thermoplastic with polystyrene is a sustainable development way to utilize biopolymer and the lignin-based thermoplastic that had optimized glass transition temperature and compatibility was obtained.
(2) Tm and Tb of blend system were increased with improving temperature in the blend system. But lignosulfonate would be degraded into small molecular fraction with the exceeding fitting temperature to decrease the torque of system. Adding lignosulfonate powder to polystyrene would decrease Tm, whereas Tb would be improved for its light density.
(3) From the above discussions, the conclusion could be reached that lignosulfonate and polystyrene had optimized blending properties with x 1 (0)x 2( 0)x 3( 0)x 4( -2)considering Tm, Tb and T as analytic standard.
(4) SEM photographs of lignosulfonate-polystyrene blends showed that their blends had better compatibility and IR of blends indicated the compatibility of lignosulfonate and polystyrene was improved with above blend system. 
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